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Materials and methods

Abstract

Introduction
Obesity has staggering morbidity and mortality rates as the leading cause of
death in the United States (1). Women display a higher prevalence of obesity
than men and thusly suffer a higher number of obesity-related health issues.
Many of these issues have a direct correlation with body mass index (BMI) and
are manifested in female reproductive health. Biomolecules found to be
protective against conditions related to elevated lipid intake have significant
potential in preventing lipid hormone dependent histological changes (1).
Adiponectin is a protein hormone that is secreted by white adipose tissue and is
found in high amounts in serum. Adiponectin has been shown to have an
inverse relationship with body fat mass. Clinical accounts suggest that
Adiponectin is a key protein within female reproductive tissues. Evidence
suggests Adiponectin is a crucial neuromodulator of female reproductive
tissue/function and therefore plays a critical role in the correlation between
body fat mass and female reproductive function. Consequently, Adiponectin
levels are pertinent considering causation of the respective common
reproductive disorders. Disorders such as polycystic ovarian syndrome (PCOS),
gestational diabetes mellitus (GDM), preeclampsia, etc., are frequently
diagnosed alongside hypoadiponectemia (low Adiponectin serum levels) (2). C1q
TNF-related protein-3 (CTRP3) is an adipokine found among a family of tumor
necrosis factor adipose tissue specific cytokines. CTRP3 has been found in
experimental studies to increase adipokine secretion, reduce inflammatory
signaling, promote cell proliferation and differentiation, and positively affect
liver function through catalysis of hepatic lipid oxidation. Studies consistently
show promising protective effects of transgenic overexpression of CTRP3 from
diet-induced lipid accumulation in hepatic tissues (5) and alcohol-induced
hepatic triglyceride accumulation (3, 4). With the frequently found correlation
between increased BMI and chronic female reproductive illnesses such as PCOS,
the potential protective manifestation of CTRP3 is of a critical nature to study in
female reproductive tissues such as the uterus. There is little to no observation
of the protective effects of CTRP3 on the uterus. With these factors taken into
consideration, this study measured the thickness of the longitudinal and circular
layers of the myometrium in female mice fed a high-fat diet compared to mice
fed a standard low-fat diet with additional treatment factors as either
transgenic to overexpress CTRP3 or normal CTRP3 expression. Data was
analyzed based on myometrium layer thickness. Observation and data analysis
of histological changes in the endometrial epithelium is currently in progress.

This study utilized a total of 17 mice within four treatment/control groups: transgenic with high-fat diet (D12451) (n=3), non-transgenic with high-fat diet (D12451) (n=6),
transgenic with standard low-fat diet (D12450B) (n=3), non-transgenic with standard low-fat (D12450B) (n=5). The transgenic mice overexpressed the adipokine, C1q TNF-related
protein-3 (CTRP3). Mice were housed in polycarbonate cages on a 12:12-h light-dark photocycle with ad libitum access to water and food. The food used in this study was either a
low-fat diet (Table 1) or a high fat diet (Table 2). The rodent chow used in this study was purchased from Research Diets Inc. New Brunswick, NJ. Throughout the experimental
protocols, mice were inspected and weighed daily. The mice were 7 weeks old at the onset of the experiment. The mice were fed their respective diets for 12 weeks. At the
conclusion of the 12-week feeding period, the mice were euthanized for the dissection of the female reproduction tissues under standard ethical protocol. The tissues were fixed
overnight in 4% paraformaldehyde and then transferred to 70% ETOH for storage until paraffin embedding. A section of uterine horn from each animal was carefully cut for
vertical embedding. The uterine horns were dehydrated, and paraffin embedded using standard histological techniques. Following embedding, the tissues were sectioned at 4µm
and mounted on microscope slides. The tissues were then stained using a standard H&E staining method. The slides were then visualized and photographed under a Zeiss
Axioskop 40 microscope equipped with a Cannon Powershot A640 camera. For this study the thickness of the outer longitudinal myometrial layer, inner myometrial layer, and
both layers combine, were measured. Measurements were made using the Zeiss AxioVision microscope software. Using a randomization grid, 5 random measurements were
made of each of the layers of the myometrium. The average thickness of each layer per animal was then calculated and any statistical variation across treatment groups was
determined to via a two-way ANOVA statistical analysis using GraphPad Statistical Analysis software. All animal procedures were conducted in accordance with institutional
guidelines, and ethical approval was obtained from the University Committee on Animal Care (Animal Welfare Assurance no. A3203-01).
D12450B: Rodent Diet with 10 kcal% fat
Class description
Ingredient

Grams

Protein

Casein, Lactic, 30 Mesh

Protein
Carbohydrate
Carbohydrate
Carbohydrate
Fiber
Fat
Fat
Mineral
Vitamin
Vitamin
Dye

D12451: Rodent Diet with 45 kcal% fat
Class description

Ingredient

Grams

200.00 g

Protein

Casein, Lactic, 30 Mesh

200.00 g

Cysteine, L
Sucrose, Fine
Granulated
Lodex 10
Starch, Corn
Solka Floc, FCC200
Lard
Soybean Oil, USP
S10026B
Choline Bitartrate
V10001C

3.00 g
354.00 g

Protein

Cysteine, L

3.00 g

Carbohydrate

176.80 g

Dye, Yellow FD&C #5,
Alum. Lake 35-42%
Total:

0.05

Sucrose, Fine
Granulated
Lodex 10
Starch, Corn
Solka Floc, FCC200
Lard
Soybean Oil, USP
S10026B
Choline Bitartrate
V10001C
Dye, Red FD&C, Alum.
Lake 35-42%
Total:

35.00 g
315.00 g
50.00 g
20.00 g
25.00 g
50.00 g
2.00 g
1.00 g

Carbohydrate
Carbohydrate
Fiber
Fat
Fat
Mineral
Vitamin
Vitamin
Dye

1055.05 g

Caloric Information Physiological Fuel Values
Protein:
20% kcal
Fat:
10% kcal
Carbohydrate:
70% kcal
Energy Density:
3.82 kcal/g

100.00 g
72.80 g
50.00 g
177.50 g
25.00 g
50.00 g
2.00 g
1.00 g
0.05
858.15 g

Caloric Information Physiological Fuel Values
Protein:
20% kcal
Fat:
45% kcal
Carbohydrate:
35% kcal
Energy Density:
4.7 kcal/g

Table 1. Formulation of the Low-Fat
diet food pellets

Fig. 1. Photomicrograph of uterine tissue from a
control (wild-type/non-transgenic) low-fat fed
mouse. Green Arrow – outer longitudinal
myometrial layer. Yellow Arrow – inner circular
myometrial layer (50X).

Table 2. Formulation of the High Fat
diet food pellets

Transgenic overexpression of adipokine CTRP3 was hypothesized to prevent lipid
accumulation in mice uterine tissue, specifically the longitudinal and circular
layers of the myometrium, when fed a high-fat diet. Less accumulation in the
tissue should result in thinner tissue layers when compared to tissue with
accumulation. The thickness of the two layers were measured and Two-way
ANOVA was performed across treatment groups. Baseline data was obtained by
measuring the outer longitudinal and inner circular layers of the myometrium of
control (wild-type/non-transgenic) mice fed a low-fat diet (Fig. 1) and compared
to those layers in high-fat fed/non-transgenic mice (Fig. 2). Results from the
ANOVA indicate a statistically significant difference (p value = 0.0128) in the
thicknesses between the inner layers of the myometrium in high-fat fed/nontransgenic mice compared to low-fat fed/non-transgenic mice; with the low-fat
fed mice having a thicker inner layer (Graph 1, Table 3). There were no
statistically significant differences between the OL and OL/IL of these two
treatment groups (p values = OL: 0.1329, O/IL: 0.1542). Comparisons made
between low-fat fed/non-transgenic mice and low-fat fed/transgenic mice (Fig.
3) indicated statistically significant variation between the OL/IL (p value = 0.0292)
implying overexpression of CTRP3 resulted in thinner combined myometrium
layers among CTRP3-overexpressing transgenic mice compared to low-fat
fed/non-transgenic mice. The were no statistically significant differences
between the OL or IL layers of these two treatment groups (p values = IL: 0.0674,
OL: 0.1208) (Graph 1, Table 3). Further comparisons were made between the
myometrial layers of high-fat fed/non-transgenic mice (Fig. 2) and high-fat
fed/transgenic mice (Fig. 4). These comparisons indicated differences observed
were not statistically significant, (p values = IL: 0.2564, OL: 0.0622, O/IL: 0.0537)
(Graph 1, Table 3). For completeness of study, comparisons were also carried out
between the myometrial layers of low-fat fed/non-transgenic mice and high-fat
fed/transgenic mice. Again, no statistically significant differences were found
between these two treatment groups (p values = OL: 0.0932, IL: 0.0992, O/IL:
0.0518) (Graph 1, Table 3). Although not statistically significant, these results
suggest adipokine CTRP3 overexpression exhibited prevention of myometrium
thickening and supposed lipid accumulation to some degree in transgenic mice
fed a low-fat diet as well as a high-fat diet, with some p values being only slightly
higher than the 0.05 threshold of significance. Such protection has also been
seen in hepatic tissue (3, 4, 5). Previous studies have indicated that adiponectin
receptors (AdipoR1, AdipoR2, and T-cadherin) display ubiquitous distribution
throughout various peripheral tissues and have consistent pleiotropic effects on
fat metabolism such as anti-inflammatory, antiatherogenic, and antidiabetic
facets (2). It is of important note that AdipoR1 and AdipoR2 receptor expression
is found among mammalian ovaries, ovarian follicles & oocytes, and mammalian
uterine tissues (2), indicating that adipokines such as CTRP3 play an active role in
these tissues. Although much data has been generated, there are many aspects
of this study still to be investigated.

Conclusion
Fig. 3. Photomicrograph of uterine tissue from a
high-fat fed/non-transgenic mouse. Green Arrow
– outer longitudinal myometrial layer. Yellow
Arrow – inner circular myometrial layer (100X).

Fig. 2. Photomicrograph of uterine tissue from a
low-fat fed/transgenic mouse. Green Arrow –
outer longitudinal myometrial layer. Yellow Arrow
– inner circular myometrial layer (100X).

Fig. 4. Photomicrograph of uterine tissue from a
high-fat fed/transgenic mouse. Green Arrow –
outer longitudinal myometrial layer. Yellow Arrow
– inner circular myometrial layer (100X).
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The results from this study indicate that transgenic overexpression of adipokine CTRP3
exhibits protection against supposed lipid accumulation in the longitudinal and circular
layers of the myometrium to some degree in correlation with diets containing a high
or low lipid content. The US reports staggering numbers of obesity and obesity-related
health issues. With an even higher prevalence among women and a lengthy list of
reproductive health disorders with BMI correlation (1), the need for a biomolecule
with potential preventative efforts is a pressing concern for women’s health. Based on
aforementioned results, CTRP3 should be considered for further research pertaining to
fat metabolism affected areas of female reproductive tissue and potential treatment
and prevention of BMI-correlated female reproductive illnesses such as PCOS.
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One of the major healthcare issues found almost worldwide, especially in the
United States, is the obesity epidemic. Obesity is known to have deleterious
effects on many body/organ systems. C1q TNF-related protein-3 (CTRP3) is
effective at preventing high-fat diet-induced fatty liver. With these two factors
taken into consideration, this study explores the possible effects of a high caloric
diet on the muscle wall of the uterus, i.e., the myometrium, and how overexpression of CTRP3 may modify those effects. We hypothesize that consumption
of excessive amounts of fat and sugar will have detrimental effects on the dual
layers of the mouse myometrium. For this study, 17 mice were divided into 4
treatment groups: wild type/low fat diet, wild type/high fat diet, CTRP3overexpressing/low fat diet, and CTRP3-overexpressing/high fat diet. The mice
were placed on their respective diets at 7 weeks of age with a feeding duration of
12 weeks. At the conclusion of the feeding protocol, the female reproductive
tissues were harvested and fixed in 4% paraformaldehyde and subsequently
paraffin embedded. The uterine horns of each mouse were painstakingly paraffin
embedded in a vertical position so that cross sections of the uterus could be
obtained and measured. These 4µm sections were stained using standard H&E
staining techniques and visualized under light microscopy. A randomization grid
was utilized to determine measurement locations on the tissue. For each animal,
15 measurements were made of the outer longitudinal layer of the uterine horn,
as well as 15 measurements of the inner circular layer, and 15 measurements of
the thickness of the two layers combined. Two-way ANOVA was used to
determine if any changes seen were statistically significant. At the time of the
writing of this abstract, no appreciable differences have been found between the
treatment groups, although there will be more data and final statistics completed
before the presentation of our findings.

Results & Discussion
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Graph 1. Graphical depiction of myometrium thickness
measurements across treatment groups. Green bars indicate
measurement averages for the outer longitudinal layer. Yellow bars
indicate measurement averages for the inner circular layer. Blue
bars indicate measurement averages for the outer and inner layers
combined.

Table 3. P values for each treatment group. Green shaded values indicate
statistically significant findings. Yellow shaded values indicate values indicative
of a trend.
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